Background/Objectives: Childhood obesity is prevalent, and dietary habits are a key determinant. Some children skip breakfast for weight control, but studies have shown mixed results. Therefore, we assessed the association between breakfast skipping and body mass index (BMI) among young Chinese children in Hong Kong. Design/Subjects and Methods: A cohort of 113 457 primary 4 participants of the Department of Health Student Health Service in 1998-2000 was followed up for 2 years, with 68 606 (60.5%) participants available for analysis in primary 6. The sociodemographic characteristics for traced and untraced participants were similar. At baseline and follow-up, students reported breakfast habit (consumed vs skipped) and other lifestyle characteristics using a standardized questionnaire. BMI was derived using height and weight measured by trained nurses. Multivariable linear regression was used to examine the cross-sectional relationship between breakfast habit and BMI, as well as the prospective association between baseline breakfast habit and change in BMI. Models adjusted for demographic, socioeconomic and lifestyle characteristics. Results: A total of 1805 (5.3%) boys and 1793 (5.2%) girls skipped breakfast at baseline. In cross-sectional analyses, breakfast skippers had a higher mean BMI than did eaters among both primary 4 (b ¼ 0.77, 95% confidence interval (95% CI): 0.67-0.87) (Po0.001) and primary 6 children (b ¼ 0.86, 95% CI: 0.78-0.95) (Po0.001). Compared with eaters, baseline breakfast skippers experienced a greater increase in BMI in the subsequent 2 years (b ¼ 0.11, 95% CI: 0.07-0.16) (Po0.001), and this association was stronger among lunch skippers than eaters (P for interaction ¼ 0.04). Conclusion: Our study provided prospective evidence that skipping breakfast predicts a greater increase in BMI among Hong Kong children. As breakfast is a modifiable dietary habit, our results may have important implications for weight control. However, the underlying mechanism of this effect warrants further investigation
Introduction
Childhood obesity remains a major public health challenge. 1 Attempts to tackle its increasing trends should address modifiable lifestyle characteristics, including dietary habits.
1,2 Importantly, the development of healthy dietary practices from a young age should be encouraged to prevent excessive weight gain later in life. 2, 3 As an important meal of the day, 4 breakfast has been related to an array of beneficial effects. Regular breakfast consumption during childhood has been linked to improved cognition, academic performance and quality of life. [5] [6] [7] [8] [9] [10] Breakfast also contributes to nutritional adequacy and enhances dietary profiles, 2, [11] [12] [13] [14] an essential element for optimal growth and development. The relationship between breakfast habit and body weight is not well-established. Some believe that breakfast omission results in weight loss. 2 However, breakfast skipping has become increasingly common in parallel with escalation of childhood obesity. 11, 15 As breakfast habit is alterable, understanding its effect on body weight has important implications for weight control. Many cross-sectional studies have linked breakfast skipping to higher body weight among young children and adolescents, 12, [16] [17] [18] [19] [20] but prospective studies are scarce and provide inconsistent results. [21] [22] [23] [24] Furthermore, to the best of our knowledge, no prospective studies have focused on Asian populations. Breakfast consumption patterns may differ across countries because of varying cultural practices, school breakfast program availability and socioeconomic factors. 25 Although breakfast is a key part of Chinese diets, 26 breakfast skipping is a potentially serious problem in a fast-paced and weightconscious society, 27 such as Hong Kong. Therefore, it is reasonable to believe that the local situation of breakfast skipping differs from the circumstances observed in Western populations. Hong Kong is no exemption from the problem of childhood obesity. The percentage of overweight Hong Kong primary school children is increasing and has reached 21.3% in 2007/2008 (SHS, personal communication).
In light of the benefits of breakfast, there is an urgent need to clarify the effects of breakfast skipping on body weight, particularly among understudied Chinese children. Therefore, we assessed the association between breakfast habit and body weight prospectively among Hong Kong Chinese primary school children.
Materials/subjects and methods

Study sample
Subjects were participants of the Student Health Service (SHS), Department of Health, Hong Kong. The SHS provides free annual health examinations to all primary and secondary school students at its 12 centers throughout the territory. From primary 4 (grade 4 in the United States) onwards, participants also complete a biannual self-administered standardized health-assessment questionnaire about lifestyle and health. The data are computerized and longitudinally linked using unique identity numbers. Primary 4 SHS participants of school years 1998/1999 and 1999/2000, totaling 113 457, formed the cohort at baseline. The attendance rates reached 76.8 and 78.5% in the 2 years, respectively. For prospective analyses, 68 606 (60.5%) primary 6 children with complete records were successfully traced after 2 years. A total of 30 098 (26.5%) students were lost to follow-up and 14 753 (13%) were excluded because of incomplete data.
Of 68 606 primary 4 children analyzed, 5.2% usually skipped breakfast (Table 1) . There was a roughly equivalent percentage of male among breakfast eaters (49.2%) and skippers (50.2%). Breakfast skippers were slightly older than eaters (9.91 and 9.85 years, respectively). Skippers were also more likely to be overweight/obese than were eaters (30.7 vs 20.1%, respectively). A lower percentage of breakfast skippers had parents who received tertiary level education (8%) compared with eaters (10%). In addition, a slightly lower percentage of skippers (21.2%) had parents with managerial/ professional occupation positions compared with eaters (22.3%).
Procedures and measures
The questionnaire included 20 close-ended questions regarding lifestyle characteristics, each with 4 possible responses. The breakfast habit of individuals was assessed using the question 'I usually have breakfast aty'. In this study, children who chose 'home', 'fast food stall/cafeteria/ restaurant' or 'some other places' in response were classified as 'breakfast eaters' and those who chose 'no breakfast at all' as 'breakfast skippers'.
Six other lifestyle characteristics assessed in the questionnaire were considered during analyses. Two questions related to physical activity/inactivity, including frequency of extracurricular physical activity and the average daily hours of television watching. Four other questions assessed the dietary habit of individuals, including frequency of junk food, fruit/vegetable and milk consumption in addition to lunch habit. Responses to each question were dichotomized in analyses because of small numbers of subjects in several subcategories and for ease of comparison. In particular, to define lunch habit, 'lunch eaters' were those who chose 'home', 'fast food stall/cafeteria/restaurant' or 'school/tutorial centre/some other places' in response to the question 'I usually have lunch aty' and 'lunch skippers' were those who answered 'no lunch at all'.
In a substudy, 101 primary 5 (grade 5) SHS participants were recruited at a SHS center. These children were invited to complete a questionnaire that comprised the 20 questions assessing lifestyle and behavioral characteristics of primary school children upon parental consent. A parent of each child was asked to complete a separate version of the same Data on sex, pubertal development, socioeconomic status (SES) and baseline age of subjects were available in the SHS database. Pubertal development of subjects was assessed in primary 5 by SHS doctors and classified according to Tanner staging (ranging from stage I to V). In this study, pubic hair development was used as a marker for pubertal development. The highest parental education (no schooling/kindergarten/ primary, secondary/matriculation, tertiary) and occupational status (unemployed, manual job, clerical/service industry, managerial/professional positions) of subjects were recorded when they first joined the SHS (usually primary 1; or grade 1) and used as proxies for SES.
Body weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) measurements of SHS participants were taken at SHS appointments by trained nurses/SHS staff using standard protocols and calibrated equipment. To assess adiposity, body mass index (BMI) was derived for each subject using the formula: weight (kg)/height (m) 2 . Our primary outcome, the change in BMI of subjects over 2 years (from primary 4 to 6), was computed by subtracting the primary 4 BMI of each subject from the primary 6 BMI.
The IOTF (International Obesity Task Force) standards were used to define the weight status of subjects. These standards are based on age-and sex-specific BMI cutoff values defined to pass through 25 and 30 kg m À2 at age 18 years to classify individuals as being overweight and obese, respectively. 28 The BMI cutoff value of o17 kg m À2 at 18 years (equating to grade 2 thinness in adults) defined underweight. 29 Permission for carrying out this study was obtained from the Department of Health Ethics Committee and the Institutional Review Board of the University of Hong Kong/ Hospital Authority Hong Kong West Cluster. Informed consent from students and families for using data in the main analysis was not required considering that all data were anonymous.
Statistical analysis
Data analysis was performed using SPSS (version 17.0; SPSS Inc., Chicago, IL, USA). To examine potential bias due to differences between children included and excluded from analyses, various demographic, anthropometric, socioeconomic and lifestyle characteristics of these two groups were compared using descriptive statistics and by calculating Cohen's effect sizes. Observed differences were small (refer to the 'Results' section).
Differences between breakfast eaters and skippers in terms of sex, proxies for SES, as well as baseline age and weight status were assessed using the w 2 -test and Student's t-test. The cross-sectional association between breakfast habit and BMI at primary 4 and 6 was assessed using multivariable linear regression. Mean BMI was used as a dependent variable in models adjusting for sex, baseline age and pubertal development. Separate models also adjusted for highest parental education and occupation, and the six lifestyle characteristics previously mentioned. Analyses yielded mean BMI estimates and b-coefficients for breakfast skippers relative to eaters.
Multivariable linear regression was also used to assess the prospective association between baseline breakfast habit and change in BMI (from primary 4 to 6). Baseline breakfast habit was used to predict BMI change. Sex was adjusted in all models, as were pubertal development, baseline age and BMI to partially account for BMI changes attributed to normal growth and development. In addition, separate models adjusted for SES indicators and lifestyle characteristics of subjects.
Tests for interaction between baseline breakfast habit and various demographic and lifestyle characteristics yielded statistically significant interaction terms for baseline breakfast habit Â baseline television watching habit (P ¼ 0.037) and for baseline breakfast habit Â baseline lunch habit (P ¼ 0.040). Hence, stratification analyses by baseline television watching habit (dichotomized into '42 vs 'p2 h) and baseline lunch habit were conducted for the association between baseline breakfast habit and change in BMI (from primary 4 to 6).
Results
Children included and excluded from the final analyses were similar. The effect size for various demographic, anthropometric, socioeconomic (0.02-0.10) and lifestyle characteristics (0.08-0.38) yielded small Cohen's effect sizes. 30 There were 4.2% more girls and 2% fewer breakfast skippers among children included. Children included were also younger (mean age ¼ 9.85 years) and had a slightly lower mean BMI (17.31 kg m À2 ) than were excluded children (10.12 years and 17.62 kg m
À2
, respectively) (data not shown). The percentage of boys and girls among breakfast skippers and eaters was similar (Table 1) . Breakfast skippers were significantly older (Po0.001) and more likely to be overweight or obese (30.7%) than were breakfast eaters (20.1%). A slightly higher percentage of breakfast eaters had parents Breakfast skipping and BMI in children SPP Tin et al with tertiary education (10 vs 8% in breakfast eaters and skippers, respectively) and a managerial/professional occupational status (22.3 vs 21.2% in breakfast eaters and skippers, respectively).
Boys and girls had a similar breakfast habit pattern at baseline and at follow-up. At baseline, slightly more boys skipped breakfast (5.3%) than did girls (5.1%) ( Table 2) . At follow-up, the prevalence of breakfast skipping increased in both sexes wherein slightly more girls omitted breakfast (9.1%) than did boys (8.9%). Complimentary to this observation, a higher percentage of boys (6.5%) and girls (6.8%) who ate breakfast at baseline subsequently skipped breakfast at follow-up than did boys (2.9%) and girls (2.8%) who skipped breakfast at baseline, but ate breakfast at follow-up. Despite this, most subjects consumed breakfast both at baseline and at follow-up (88.2% in boys and 88.1% in girls). ). Table 5 ). The effect size in the two models was similar, indicating that the effect of potential SES and lifestyle confounders adjusted for in model 3c had minimal influence on the association between baseline breakfast habit and change in BMI.
Cross-sectional analyses
Breakfast skippers had a higher mean BMI than did eaters both at baseline
Prospective analyses
Stratified analyses
Breakfast skippers were significantly more likely to experience a greater increase in BMI than were breakfast eaters whether they ate or skipped lunch at baseline. A greater effect was observed among subjects who skipped lunch (b ¼ 0.38, 95% CI: 0.13-0.59) compared with those who ate lunch (b ¼ 0.10, 95% CI: 0.06-0.15) ( Table 6 ). Values here are adjusted for variables in model 2b, and junk food consumption, fruit/vegetable consumption, milk consumption, lunch habit, frequency of extracurricular physical activity and average daily hours spent watching television at follow-up. Values here are adjusted for variables in model 1b, and baseline junk food consumption, fruit/vegetable consumption, milk consumption, lunch habit, frequency of extracurricular physical activity and average daily hours spent watching television.
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Breakfast skippers were significantly more likely to experience a greater increase in BMI than were eaters, irrespective of whether they watched television for an average of 42 h per day. A greater effect was observed among subjects who watched television for an average of p2 h per day (b ¼ 0.16, 95% CI: 0.10-0.23) compared with those who watched more television (b ¼ 0.07, 95% CI: 0.10-0.13) ( Table 7 ).
Discussion
Our cross-sectional results showed that breakfast skippers had a higher mean BMI than did eaters among both primary 4 and 6 children. Similar findings have been reported in the literature. 5 In addition, parents may restrict the food intake of their overweight children as a form of weight control. 12 Therefore, prospective results are required to clarify temporality in the association between breakfast habit and body weight.
Longitudinal results of the association between breakfast habit and body weight have been inconsistent. For instance, after following a group of adolescents for 5 years, Haines et al. 35 reported that a higher frequency of breakfast consumption at baseline was protective against adolescent overweight. Barton et al. 36 found a non-significant association between breakfast frequency and risk of overweight after adjusting for physical activity, parental education, energy intake and cereal consumption. Our prospective results showed that skipping breakfast at baseline predicted a greater BMI increase in the subsequent 2 years. Various mechanisms underlying the association between breakfast habit and body weight have been suggested. Among them, breakfast skipping has been related to the clustering of less healthy lifestyle characteristics that affects weight maintenance. 11, 25, 33, [37] [38] [39] For instance, improper dietary habits of breakfast skippers, such as higher energy intake from 'in-between meals' (not breakfast, lunch or dinner), particularly from high-calorie snacks, may contribute to weight gain. 18, 33 Concurrently, breakfast skippers miss the chance for intake of specific nutrients from common breakfast foods that may reduce the likelihood of weight gain, such as fiber 40 and calcium. 36, [41] [42] [43] In addition, breakfast skipping has been related to lower levels of physical activity 11, 38 that may subsequently lead to weight gain through affecting energy balance. 44 In addition to basic demographic and SES characteristics, this study accounted for variables related to diet quality (such as junk food, fruit/vegetable and milk intake), dietary habits (lunch habit) and markers of physical activity (frequency of extracurricular physical activity and television watching). Our prospective results only weakened slightly and remained statistically significant even after adjustment Values here are adjusted for variables in model 3b, and baseline junk food consumption, fruit/vegetable consumption, milk consumption, lunch habit, frequency of extracurricular physical activity and average daily hours spent watching television. Values here are adjusted for sex, pubertal stage, highest parental education and occupation, baseline age, BMI, junk food consumption, fruit/vegetable consumption, milk consumption, average daily hours spent watching television and frequency of extracurricular physical activity. Breakfast skipping and BMI in children SPP Tin et al for important lifestyle confounders. Although residual confounding cannot be ruled out, the observed relationship seems to be largely independent of the lifestyle factors accounted for.
In light of this, we speculate that energy intake distribution (for which data were unavailable) may have a role in explaining our study findings. For example, Dubois et al. 12 found that among a group of Canadian pre-school children wherein breakfast eaters and skippers had similar total energy intake, breakfast skippers compensated for their energy intake later in the day, particularly late at night. In Hong Kong, the consumption of late night snacks is common, possibly leading to weight gain due to decreased energy expenditure at night and a reduced appetite during breakfast the next morning. Therefore, the timing of meals and other food intake should be investigated.
We observed that the effect of breakfast skipping on BMI was greater among subjects who also skipped lunch than in lunch eaters. In agreement with Sjoberg et al., 33 breakfast skippers in our study were more likely to skip lunch compared with breakfast eaters (data not shown). It could be that children who skip both main meals tend to eat 'in-between' meals/snacks. 18 We found both breakfast and lunch skipping to be associated with more junk food intake (data not shown). Hence, increased snack intake may contribute to weight gain. [45] [46] [47] However, a recent study demonstrated an inverse relationship between snacking and overweight. 48 This inconsistent literature may be attributed to various definitions of 'snack' 49 that may or may not include 'junk food'. In addition, the study carried out by Keast et al. 48 was cross-sectional in nature and hence, overweight individuals may have underreported their snack intake. Nevertheless, our results showed that the effect of breakfast skipping on BMI remained statistically significant among both lunch eaters and skippers even adjusting for frequency of junk food consumption, indicating that breakfast skipping may at least have some effect on BMI that is independent of snacking habit. Unexpectedly, we showed that compared with children who watched television for 42 h per day, a slightly greater effect of breakfast skipping on BMI was observed among those who watched less. To the best of our knowledge, this interaction has not been reported. We also found watching more television to be associated with increased engagement in physical activity (data not shown). This, together with more exposure to the local media that often promotes body slimming, 50 might have rendered students less susceptible to the effect of breakfast skipping on BMI increase, although this relationship warrants further exploration. There are several strengths of our study. Apart from the reasonably high SHS attendance rate, considering that the SHS is offered to all primary schoolchildren at centers located in different districts and that Hong Kong primary school education is compulsory, we believe that our sample should be fairly representative of Hong Kong primary school children. In addition, our study included various important confounders of the association between breakfast habit and body weight, the exclusion of which is believed to have contributed to inconsistencies in the literature. 11, 12, 44 In addition, height and weight were measured objectively. Some limitations of our study should be noted. First, as data on SES were obtained at the time of SHS enrollment (usually primary 1; or grade 1), possible changes in SES of subjects since enrollment should be considered when interpreting results. Second, causation cannot be assumed in our observational study. However, longitudinal evidence examining the association between breakfast habit and change in BMI provides stronger evidence than do crosssectional studies. Third, as most variables used were derived from the responses to the health-assessment questionnaire, low accuracy of recall among young children might be a problem. 51 In addition, self-reported responses might be inaccurate. It was possible for subjects to have underreported snack food intake 52 or overreported fruit/vegetable consumption due to social desirability. 53 However, this was unlikely to be differential between breakfast eaters and skippers. 54 To reinforce the reliability of self-reported responses provided, all questions had at least moderate test-retest reliability. Amidst the inconsistency of results, underlying explanatory mechanisms of the relationship between breakfast habit and body weight remain unclear. 5, 11 Although the single items used to assess breakfast habit and other lifestyle characteristics were simple and straightforward to understand, additional (for example, total energy intake and weight perception) and detailed information for each construct (for example, the composition of breakfast) would have been useful for elucidation of mechanisms and possible dose-response effects. Furthermore, variables adjusted for were proxies (that is, for SES) or information derived using the single items and are therefore likely to be too vague.
Questions requiring more precise responses should improve the sensitivity of results. Nevertheless, we believe that the present questions were suitable for our study. In particular, although no standard definition of breakfast and breakfast skipping was available, making our overall results harder to compare with other studies, we believe that the 'no breakfast at all' response category for the breakfast-assessment question was clear and contrasted well with the remaining three possible responses. Hence, the breakfast-assessment question should have captured the breakfast skipping population well. Still, it will be useful for future studies to consider clearly defined and standardized breakfast and breakfast skipping occasions to produce more comparable results.
Our study results may have important implications, as weight concerns among children seem to be more common than expected. In a recent study, Cheng et al. 54 found that among 426 Hong Kong primary 6 schoolchildren, 30.5% skipped breakfast at least once in the past school week and that up to 43.1% of skippers wanted to lose weight. Although only small differences in absolute BMI changes were Breakfast skipping and BMI in children SPP Tin et al experienced by breakfast skippers compared with eaters, our study results suggest that skipping breakfast may not help with weight loss, at least among young children in Hong Kong. For those who need to lose weight for clinical reasons, skipping breakfast does not seem to be the correct approach. This message should not only be conveyed to young children but also reinforced in parents of young overweight children who intend to introduce breakfast skipping for weight control. More importantly, as breakfast habit can easily be assessed, eating breakfast may be a potential intervention target and simple method for preventing excess weight gain among children.
As few prospective studies have been conducted to investigate the relationship between breakfast habit and body weight, particularly in Chinese populations, our study adds important information to the literature. More studies on Chinese populations are required to further investigate the mechanisms explaining the association between breakfast habit and body weight, including further exploration of the interaction between breakfast skipping and television habit. Nevertheless, for optimal intake of energy and essential nutrients during rapid growth and development, young children should be discouraged from skipping breakfast. Results of our study will hopefully encourage individuals to think twice before skipping breakfast, for the sake of healthy weight maintenance that should begin from a young age.
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